and inflammatory and immune response. Thus, it is not surprising that effects of flavonoids have been found on various stages in the cancer process (2), on the immune system, and on hemostasis in cell systems and animals systems (1).
It has been hypothesized that the antioxidant properties of flavonoids (3) may protect tissues against oxygen free radicals and lipid peroxidation. Oxygen free radicals and lipid peroxidation might be involved in several pathological conditions such as atherosclerosis, cancer, and chronic inflammation (4). Thus, flavonoids, which by their chemical nature are antioxidants, might contribute to the prevention of atherosclerosis, cancer, and chronic inflammation. Oxidation of low-density lipoproteins (LDL) is thought to play an important role in atherosclerosis. Oxidized LDL has been found in atherosclerotic lesions of humans (3, and increased plasma concentrations of autoantibodies against oxidized LDL occur in patients with atherosclerosis (6, 7) . A whole range of antioxidants has been shown to prevent LDL-oxidation when added to isolated LDL. Not surprisingly, flavonoids (8-12) also show this protective action towards in vitro LDL-oxidation; however, the clinical relevance of these laboratory findings is still obscure. Here we summarize prospective epidemiological studies on the relation between the intake of flavonols and subsequent cardiovascular disease and cancer risk.
Epidemiology of Flavonols
Dietary Intake of Flavonoids. Kiihnau (13) estimated that the total intake of flavonoids in the United States was 1 g/day (expressed as glycosides) or 650 mg/day (expressed as aglycones). Flavonols would contribute 115 mg/ day. However, this estimate is not very accurate because only limited data on flavonoid contents of foods were available. We determined flavonols and flavones of vegetables, fruits, and beverages commonly consumed in the Netherlands (Table 11 ) (14, 15); With these data, we were able to calculate the intake of flavonols and flavones in a representative sample of 6000 individuals in the Netherlands (16). Tea turned out to be the major source in this population (48% of total intake) followed by onions (29%) and apples (7%). The average intake of flavonols and flavones was 23 mg/day, of which the flavonols quercetin, myricetin and kaempferol contributed 21 mg/day. These data on flavonol contents have been used in a number of prospective studies. Average daily intake of flavonols ranged from 4-68 mg/day in these studies (Table 111 ). Tea was the major source of flavonols in the Netherlands, the UK and Japan. Thus, the estimated intake of flavonols of 115 mg/day in the United States (13) is most certainly too high. We estimate the daily intake of all flavonoids to be a few hundreds of milligrams per day expressed as the aglycones (17). Flavonols comprise only a small fraction. However, reliable quantitave data on the intake of other flavonoids such as catechins are not yet available. apples Flavonols in Cancer. The intake of flavonols and flavones was calculated in a population of elderly men in the Dutch town of Zutphen (the Zutphen Elderly Study). In 1985 their food consumption was assessed using a dietary history method. A total number of 805 men aged 65-84 years entered the study. The intake of flavonols and flavones was on average 26 mg/day. After 5 years, in 1990, their health records were collected, and morbidity and mortality data were studied. Differences in baseline characteristics of these men between tertiles of flavonol and flavone intake were evaluated, and relative risks were calculated. No associations were found between flavonol and flavone intake and total cancer mortality. Specific forms of cancer, such as lung cancer were also not associated with flavonols and flavones intake (1 8).
In a large cohort study (the Netherlands Cohort study) consisting of 120,850 men and women aged 55-69 years, also no association was found between flavonol and flavone intake and stomach cancer, colon cancer, or lung cancer during 4.3 years of follow-up (19) .
A prospective study involving about 10,000 men and women aged 15-99 years was carried out in Finland (20) . After 24 years of follow-up, a reduction in risk of lung cancer of about 50% was found in the highest quartile of flavonol intake. No reduction in risk of cancer at other sites was found.
The Zutphen Study cohort is one of the cohorts of the Seven Countries Study, a cross-cultural study of diet, lifestyle, and disease. In 1987 the foods that represented the baseline diet as per 1960 of each cohort were bought locally. The foods were combined into food composites that represented the average daily food intake of each cohort. In these food composites flavonols and flavones were determined. The intake of flavonols and flavones ranged from 3 mg/day in a Finnish cohort to 68 mg/day in a Japanese cohort. The major dietary sources of flavonols and flavones varied substantially between cohorts. No association with total or sitespecific cancer mortality was found (21) .
Thus, no association with cancer mortality was found in two cohort studies, whereas in only one cohort study a reduction of lung cancer risk was apparent (Table IV) .
Flavonols in Cardiovascular Disease. In the Seven Countries Study the average flavonol and flavone intake was inversely correlated with mortality rates of coro-nary heart disease after 25 years of follow-up (21) . The intake of flavonols and flavones, together with smoking and the intake of saturated fat, explained about 90% of the variance in coronary heart disease mortality rates across the 16 cohorts.
Five prospective within-population cohort studies have been carried out. Coronary heart disease mortality was strongly inversely associated with flavonol and flavone intake in the Zutphen Elderly Study (22) with a reduction in mortality risk of more than 50% being recorded in the highest tertile of flavonol intake. Average flavonol intake in the highest tertile was 42 mg/day, and in the lowest, 12 mg/day. Recently, the 10-year follow-up of the Zutphen Elderly Study was completed with results strengthening the findings of the 5-year follow-up (23) . Unlike the findings of the 5-year follow-up, a clear dose-response relationship between flavonol intake and coronary heart disease mortality was now recorded.
The association between flavonol and flavone intake and risk of stroke was studied in a cohort of 550 middleaged men (24) . These men were followed for 15 years, and the men in the highest quartile of flavonol and flavone intake (>30 mg/day) showed a considerably reduced risk of the disease of about 70%.
Mortality from coronary heart disease was weakly inversely associated with flavonol and flavone intake in a cohort of 5,130 Finnish men and women aged 30-69 years followed over a 20-year period (25) . The relative risks of mortality from coronary heart disease between the highest (>5 mg/day) and lowest quartiles (<2.5 mg/day) of flavonol and flavone intake were 0.73 for women and 0.67 for men.
In male US health professionals, a modest, but statistically not significant, inverse association between flavonol and flavone intake and coronary mortality was found only in men with previous history of coronary heart disease (26) . Median flavonol intake in the highest quintile was 40 mg/ day and 7 mg/day in the lowest.
In contrast to the above studies, increased mortality of ischaemic heart disease was found in Welsh men (27) in all quartiles of high flavonol intake compared to the lowest quartile. Mean flavonol intake in the highest quartile was 43 mg/day, and 14 mg/day in the lowest quartile. The authors argued that milk proteins could have inhibited absorption of tea flavonoids, because these Welsh men used milk in their (20) 15-99 24
1 .2b (0.7-2.2) l C tea. However, plasma concentrations of catechins (28) and flavonols (Hollman, unpublished data) in volunteers given tea with milk did not differ from those when given tea without milk. A second explanation offered by the authors is confounding. In contrast to the other studies, tea consumption was associated with a less healthy lifestyle (smoking and high-fat intake) and with lower social class. Although Hertog et al. adjusted for these confounders, they probably could not be completely eliminated by multivariate analysis (29) . To summarize, a protective role for flavonols in cardiovascular disease was found in three out of five prospective cohort studies, in addition to one cross-cultural study (Table V) . One prospective cohort study showed no association, and one a weakly positive association between flavonol intake and coronary heart disease. So far, the epidemiologic evidence points to a protective effect of antioxidant flavonols in cardiovascular disease but it is not conclusive.
weakly positive association was found in one cohort study. These studies are not conclusive for a protective effect. The role of dietary flavonols and flavones in cardiovascular disease prevention is in the process of being defined. Epidemiological research in other countries and cultures, studies on biological mechanisms and metabolism, and the development of biomarkers for in vivu oxidation are needed to fully evaluate the role of flavonoids in human health. Only clinical trials with validated intermediate disease end points or real end points (cases) will give a definitive answer.
We thank Prof. D. Kromhout, who took the initiative for the epidemiological studies. We are grateful to Dr. M. G. L. Hertog 
Conclusions
Tea is an important dietary source of flavonols in countries such as the Netherlands, the United Kingdom, and Japan. Animal studies and in vitru studies suggest that dietary flavonols could inhibit cancer in humans. However, so far in only one epidemiological study, an inverse association with cancer was found. Therefore, flavonols probably do not play an important role in cancer protection.
Flavonoids showed a protective action toward oxidation of LDL in vitru. The intake of flavonols was inversely associated with cardiovascular disease in three prospective cohort studies and in a prospective cross-cultural study. However, in one large prospective cohort study, no association with coronary heart disease was apparent, whereas a
